The amplitude and distribution of epicardial ST-segment elevation (STP) were examined for an 8-hour period after coronary occlusion in eight baboons and five pigs. STt was determined from unipolar epicardial electrograms obtained from a high-resolution matrix of fixed electrodes overlying a transmural region of ischemia. A relatively uniform degree of STt was observed overlying the ischemic region for 20 minutes after coronary occlusion. A gradient in STt from the periphery to the center of the ischemic region was documented after 20 minutes of ischemia. In 10 other pigs, change in the degree of STt was examined contingent on either an increase (five pigs) or decrease (five pigs) in the size of the ischemic region after 1 hour of preexisting ischemia. An abrupt increase in the number of electrodes that showed STt (NST) from 7.8 i 1.24 (SEM) to 14.8 ± 1.35 (90%) was associated with an increase in mean STt of 58% from 4.28 ± 0.61 mV to 6.78 ± 0.84 (p < 0.05). An abrupt decrease in NST from 25.2 ± 2.63 to 14.6 ± 2.22 (42%) was associated with a decrease in mean STt of 24%, from 8.2 ± 0.36 mV to 6.3 ± 0.30 mV (p < 0.01). The results during early ischemia (less than 20 minutes of ischemia) are accurately represented by a model of ischemia in which injury current arises only at the ischemic boundary. The results during later ischemia (after 20 minutes of ischemia) may be represented by a model in which STR is considered dependent on injury currents generated throughout the ischemic region.
SUMMARY The amplitude and distribution of epicardial ST-segment elevation (STP) were examined for an 8 -hour period after coronary occlusion in eight baboons and five pigs. STt was determined from unipolar epicardial electrograms obtained from a high-resolution matrix of fixed electrodes overlying a transmural region of ischemia. A relatively uniform degree of STt was observed overlying the ischemic region for 20 minutes after coronary occlusion. A gradient in STt from the periphery to the center of the ischemic region was documented after 20 minutes of ischemia. In 10 other pigs, change in the degree of STt was examined contingent on either an increase (five pigs) or decrease (five pigs) in the size of the ischemic region after 1 hour of preexisting ischemia. An abrupt increase in the number of electrodes that showed STt (NST) from 7.8 i 1.24 (SEM) to 14.8 ± 1.35 (90%) was associated with an increase in mean STt of 58% from 4.28 ± 0.61 mV to 6.78 ± 0.84 (p < 0.05). An abrupt decrease in NST from 25.2 ± 2.63 to 14.6 ± 2.22 (42%) was associated with a decrease in mean STt of 24%, from 8.2 ± 0.36 mV to 6.3 ± 0.30 mV (p < 0.01). The results during early ischemia (less than 20 minutes of ischemia) are accurately represented by a model of ischemia in which injury current arises only at the ischemic boundary. The results during later ischemia (after 20 minutes of ischemia) may be represented by a model in which STR is considered dependent on injury currents generated throughout the ischemic region.
EPICARDIAL ST-segment changes have been frequently used to indicate the severity and extent of myocardial ischemic injury. They have also been used extensively to reflect changes in the metabolic status of ischemic cells due to a number of interventions designed to alter the myocardial oxygen balance. In the present study we tried to clarify apparent discrepancies regarding ST-segment changes during ischemia that have resulted in some controversy in their interpretation.
The first discrepancy stems from conflicting accounts of the directional change in ST-segment elevation (STt) associated with an increase or decrease in the size of an ischemic region. For example, both an increase' 2and a decrease3' 4 in STt after an abrupt increase in the size of a region of myocardial ischemia have been described. Similarly, both an increase5 6 and a decrease7-12 in STt have been described after an abrupt decrease in size of an ischemic region. The reason for these conflicting observations are uncertain. In the present experiment, after 60 minutes of preexisting ischemia, we examined directional changes in STt due to an abrupt increase or decrease in the size of the ischemic region. The results may be compared with those of Holland and Brooks3 13 who, using an analogous method, modified the size of an ischemic region after only 1-2 minutes of preexisting ischemia. A comparison of ST-segment changes both early and later in ischemia may clarify important time-dependent differences affecting the interpretation of directional ST-segment changes.
The second discrepancy concerns the relative amplitude and distribution of STT recorded from electrodes overlying an ischemic region. It has been previously determined, based on the assumption that injury currents arise only at the ischemic boundary, that the highest STt is expected to occur near the ischemic boundary, with a small progressive decrease in amplitude as the center of the ischemic region is approached. 1214 While a similar pattern of STT has been observed experimentally in one study,15 several other studies have shown conflicting results in which the highest STt occurred near the center of the ischemic region, with a progressive decrease in amplitude approaching the ischemic boundary.'6-19 To examine possible time-dependent differences in the pattern of STt at the epicardial surface, the amplitude and distributions of STt were examined from early ischemia to their resolution at 8 hours after acute coronary occlusion.
We hope the results may help provide for a more comprehensive electrocardiographic model of myocardial ischemia in which ST-segment changes at the epicardial surface may be linked to the distribution of transmembrane potential (TMP) changes in the region of ischemic cells.
Methods

Experiment I
In eight baboons (Papio anubis), 13-16 kg, and five pigs, 12-15 kg, epicardial electrograms were monitored for 8 hours after coronary occlusion from an electrode matrix placed on the anterior left ventricle (LV). The recording period allowed us to examine changes in STt from their initial appearance to their resolution. The baboon and pig were selected as experimental animals because their collateral circula-tion is similar to man's. As in man, both the pig and baboon have demonstrated few functionally significant collateral vessels compared with the dog, which has a more developed collateral system, particularly in the subepicardium. 20 Experimental animals were initially sedated with phencyclidine hydrochloride (1 mg/kg im). Anesthesia was induced and maintained with intravenous infusions of sodium thiopental (2 mg/kg). A standard lead II ECG was monitored. A cuffed endotracheal tube was inserted by intubation (baboons) or tracheostomy (pigs) and the animals were ventilated with a volume respirator (Hatvard Apparatus Company Inc., Millis, Massachusetts), maintaining an arterial pH of 7.45 ± 0.05. Supplemental oxygen was administered as necessary to maintain an arterial oxygen saturation of at least 95%. Aortic pressure (AP) was monitored by a #8F catheter advanced through the femoral artery. A midsternal thoracotomy was performed and the heart suspended in a pericardial cradle. A 5-0 prolene snare was placed around a diagonal branch of the left anterior descending coronary artery (LAD), which was selected so as to produce a transmural region of ischemia limited to the anterior free wall of the LV. A matrix consisting of 54-72 unipolar epicardial electrodes was then placed on the anterior LV extending from the LAD to the lateral LV border and from 1 cm above the ligature to the apex ( fig. 1 ). Electrodes consisted of teflon-coated silver wire (0.005-inch diameter), with the insulation removed at the ends. Each row of electrodes was constructed from a 6-cm length of cotton suture on which nine electrodes were tied at 5-mm intervals. The ini-FIGURE 1. A matrix offixed unipolar epicardial electrodes is shown. The electrodes extend from the left anterior descending coronary artery (LAD) to the lateral border of the left ventricle (LV). The silver electrodes are separated by 5 mm on each row. The initial row is placed parallel to the minor axis of the heart. Subsequent rows are placed parallel to the initial row at 5-mm intervals, resulting in a matrix of electrodes with row and column separation of 5 mm. A diagonal branch of the LAD is occluded with a snare resulting reliably in a transmural region ofischemia limited to the anterior free wall of the LV and overlaid by the electrode matrix. Ao = aorta; PA = pulmonary artery; LA = left atrium; R V = right ventricle. tial row of electrodes was sutured to the epicardium parallel to the minor axis, 1 cm above the snare. Each row was sutured to the epicardium by the two free ends of the cotton snare to assure sufficient tension for good contact to all electrodes and to avoid local injury effects by maintaining approximately 1 cm between the end electrodes and suture points. Subsequent rows were placed at 5-mm intervals parallel to the initial row, resulting in a matrix of epicardial electrodes with row and column separation of approximately 5 mm. The free end of each electrode wire was connected to a switching relay that allowed rapid sampling of epicardial leads.
Epicardial electrograms were monitored with a Gould, Brush, Mark 260 recorder with multiple ECG couplers (Model 11430101, Gould Inc., Cleveland, Ohio) at a paper speed of 25 mm/sec and a sensitivity of 1 mV/mm. Wilson's central terminal was used as the indifferent electrode. Recordings from six electrodes were obtained simultaneously and recordings from the entire electrode matrix were obtained in less than 45 seconds. The frequency response of the ECG coupler with preamplifier is linear from 0.14 Hz to I kHz and the frequency response of the recorder is linear from DC to 40 Hz. AP was monitored via a Statham P23Db transducer through the same directwriting recorder. Throughout the recording period, the thoracic incision was approximated and draped to minimize exposure to ambient temperature and help maintain a uniform myocardial temperature.
Control epicardial ECGs were obtained when STt, due to electrode placement on the heart, had returned to <2 mV (0-30 min). The selected diagonal brarnch of the LAD was then ligated. After coronary occlusion, recordings from the epicardial electrode matrix were obtained at intervals of 20, 40, 60, 90 and 120 minutes and then hourly through 8 hours. The STt after coronary occlusion was compared with the control STt at the same recording site. Only STt >2 mV above control values was considered significant. STt was measured from baseline to the J point and represents, because of the use of capacitor-coupled amplifiers, both the downward deflection of the TQ segment and the upward deflection of the ST segment from the isoelectric line (total TQ-ST deflection).
The matrix of epicardial electrodes overlay the region of ischemia in such a way that electrode sites that had >2 mV STt (from control) were generally confined within a perimeter of electrodes that had no significant STt. Therefore, any electrode site could be examined for the degree of recorded STt above control, its position within the matrix, its relation to other affected electrodes and its relation to electrodes with no significant STt.
At each recording interval, the number of electrodes with >2 mV STt above control (NST) was determined. In addition, the mean STt (STt) of those points demonstrating significant elevation was determined for each recording interval. The correlative change in NST and STt were examined throughout the 8-hour recording period. The relationship of electrode position within the ischemic area to the degree of recorded STt was also examined. STt for electrode sites located on the perimeter of the area with significant STt was compared with the STt for sites located inside of this perimeter. The two-tailed t test was used to examine the significance of changes in AP and heart rate (HR) after coronary occlusion.
After the 8-hour recording period, the animals were killed by rapid infusion of a saturated KCI solution. The hearts were excised and the ventricular chambers flushed with water. Transverse sections 5 mm thick, each including a row of electrodes, were cut through the ventricles. The fresh sections were placed in a solution of nitro blue tetrazolium (Nitro-BT) in order to visualize the region of ischemia or necrosis.21 The incubation solution consisted of Sorensen's phosphate buffer (0.1 M) pH 7.4 and 0.5 mg/ml of Nitro-BT. In viable myocardium in which endogenous substrates, coenzymes and dehydrogenases are present, Nitro-BT yields a dark blue pigment. In the ischemic or necrotic region, the early depletion of these factors results in a faintly stained area. This macroscopic staining method ensured that the ischemic region was transmural and limited to the anterior left ventricular free wall. Experiment 2 Ten pigs, 12-15 kg, underwent anesthesia and surgical preparation identical to that described for experiment 1. The matrix of epicardial electrodes was applied in the same manner. In this group of pigs, the size of the region of myocardial ischemia was abruptly increased (five pigs) or decreased (five pigs) after 1 hour of preexisting ischemia. The size of the ischemic area was altered at 1 hour because prior studies had indicated that the area of ischemia (NST) is maximized at approximately this time and that little spontaneous change in the size of this area is occurring.22 Further, therapeutic interventions designed to alter the extent of preexisting ischemia are frequently administered at approximately this time.
A diagonal branch of the LAD supplying the anterior LV was selected. A 5-0 prolene snare was placed proximally around the diagonal branch close to its union with the LAD. Another snare was placed distally around the vessel about one-half the distance along its visible course. In the first case, an abrupt increase in the size of the ischemic region (NST) was produced by tightening the proximal snare after a 1hour period of occlusion of the distal snare. In the second case, both proximal and distal snares were initially tightened. Particular care was taken to apply only sufficient pressure to the proximal snare to occlude this vessel without otherwise injuring it. After I hour of occlusion, the proximal snare was released, resulting in an abrupt reduction in NST.
After the initial coronary occlusion, recordings from the epicardial electrode matrix were obtained at intervals of 1, 5 and 10 minutes, then every 10 minutes for 1 hour. The significance and direction of change in NST and in STt was examined 5 minutes after either the tightening or release of the proximal snares, and then every 10 minutes through the next hour. In addition, the changes observed in NST and STT were compared with those occurring spontaneously in the chronically ligated pigs (experiment 1) during the same period.
One hour after the increase or decrease in the ischemic area, the animals were killed by rapid infusion of a saturated solution of KCI and the hearts were removed. As in experiment 1, transverse sections of the LV were cut and incubated in Nitro-BT solution to verify the production of a transmural ischemic region, limited to the anterior free wall and contained within the electrode array. NST increased rapidly to a maximum value at 60 minutes and then declined almost linearly through 8 hours. Maximum NST for the five baboons and five pigs was 23.4 ± 1.2 and 21.6 ± 1.4, respectively. For both animal groups, HR and mean AP after coronary occlusion was not significantly different from control. In the five baboons, mean AP changed from control 103 + 3.2 (SEM) mm Hg to 105 ± 3.6 mm Hg after occlusion, and HR changed from 139 ± 9.6 to 143 ± 9.7 beats/min. In the five pigs, the mean AP changed from control 81.2 ± 2.7 mm Hg to 83.0 i 5.6 mm Hg after occlusion, and HR changed from 78.8 ± 2.7 to 93.2 ± 5.7 beats/min. The pattern of change in STt for the baboons that underwent coronary occlusion was similar. The progression of STt for grouped data is also shown in figure 2 . STt was characterized by a rapid rise through 20 minutes, a brief plateau between 20 and 40 minutes and a secondary rise to a maximum value at 90 minutes. After this maximum value, STt decreased gradually to near control level by 8 hours. The rate of decline in STF decreased with increasing duration of occlusion. Again, STT for the five pigs was similar to i-that for baboons, increasing rapidly to a maximum value at 60 minutes and then declining through 8 hours. Maximum STT for the five baboons and five pigs was 7.6 ± 0.7 and 7.8 ± 1.0 mV, respectively. The changes in STt appeared closely correlated to the changes in NST. When NST is increasing, ST is also increasing and when NST is decreasing, STt is decreasing similarly. The correlation coefficients comparing NST and STt for all recording times during the 8-hour period for the five baboons and five pigs were 0.98 and 0.94, respectively.
Distribution and Relative Amplitude of STt Overlying the Ischemic Region
The relative amplitude of STt at central vs peripheral electrode positions is shown in figures 3A and 3B. Peripheral electrodes were considered those which demonstrated significant STt (> 2 mV) and were located on the perimeter of the ischemic area. All other electrodes interior to these were considered central. For both baboons and pigs, STt recorded at central electrode sites showed significant elevation over peripherally recorded STt 20 minutes to 3 hours after occlusion.
The development of a gradient in STT over the ischemic region during the first hour of ischemia is shown for a representative animal in the ischemic region was relatively uniform. After 20 minutes of ischemia, a gradient in Sit evolved from the periphery to the center of the ischemic region. This gradient in STt over the ischemic region resolved gradually after 3 hours of ischemia (figs. 3A and 3B) as the size of the ischemic region decreased.
Staining the fresh sections of LV in Nitro-BT after the 8-hour recording period revealed that all ischemic regions were transmural and limited to the left ventricular free wall.
Experiment 2
The effect of rapidly increasing or decreasing the size of the ischemic region on the amplitude of STt is shown in figure 5. Comparison of mean values for grouped animal data showed that a significant increase in the ischemic area (NST) was associated with significant increase in STt, and a significant decrease in the ischemic area was similarly associated with a decrease in STt.
Directional Change in STT with A Decrease in Ischemic Size
Reduction of the ischemic area 60 minutes after coronary occlusion ( fig. 5A ) was evidenced by a mean decrease of 40% in NST 5 minutes later, from 25.2 ± 2.6 to 14.6 ± 2.2 (p < 0.01). The decrease in NST was accompanied by a mean decrease of 24% in STt ( fig.  5B ), from 8.2 ± 0.3 mV to 6.3 ± 0.3 mV (p < 0.01). STt was computed from only those electrode sites showing significant STt (>2 mV). Mean AP changed from control 80.4 ± 2.9 mm Hg to 84.9 ± 4.9 mm Hg after the initial occlusion and to 84.4 ± 3.0 mm Hg after ischemic reduction. HR increased from control 99.6 ± 5.0 beats/min to 105.0 ± 4.5 after the initial occlusion and to 114.1 ± 4.4 after ischemic reduction.
These changes were not statistically significant.
Directional Change in STT with An Increase in Ischemic Size
An abrupt increase in the ischemic area 60 minutes after coronary occlusion is shown in figure 5C . A mean increase of 90% in NST resulted after 5 minutes, from 7.8 ± 1.2 to 14.8 ± 1.3 (p < 0.01). Associated with this increase in NST was a mean increase of 58% in STt ( fig. SD) , from 4.28 ± 0.6 mV to 6.78 ± 0.8 mV (p < 0.05). Again, no significant changes in mean AP or HR occurred. Mean AP changed from a control 75.0 ± 1.4 mm Hg to 76.1 ± 3.6 after the initial occlusion and to 78.2 ± 2.3 after an increase in ischemic size. HR increased from a control 100 ± 6.9 to 108 ± 7.1 after initial occlusion and to 108 ± 3.2 after an increase in ischemic size. Staining of fresh transverse sections of the LV with Nitro-BT after the 2-hour period of coronary occlusion again revealed the ischemic region to be transmural and limited to the anterior free wall.
Discussion
Interpreting Directional Changes in STt: Relationship to the Duration of Ischemia Previous studies using multiple ligations have shown that within the first few minutes of ischemia an abrupt increase in ischemic size results in a decrease in STT recorded from electrodes overlying the ischemic region.3 12 The present results show that after 60 minutes of ischemia, an abrupt increase in ischemic size results in an increase in STt. Conversely, an abrupt decrease in ischemic size results in a decrease . Change in number of electrodes with > 2m V ST-segment elevation (STt) above center (NST) and STY is depicted contingent upon either an increase (five pigs) or decrease (five pigs) in the size of the ischemic region after 60 minutes ofpreexisting ischemia. C denotes the control period before coronary occlusion, while the duration of ischemia is denoted by the time in minutes on the abscissa. Proximal and distal snares were placed on a diagonal branch of the left anterior descending coronary artery. Tightening of these two snares allowed manipulation of the size of the ischemic region. NST and STl are shown normalized as a percent of the maximum NST or STl occurring during the 2-hour recording period. A) and B) A decrease in NST was in each case associated with a decrease in STt 5 minutes after reduction in the size of the ischemic region. C) and D) An increase in NST was in each case associated with an increase in STt 5 minutes after an increase in the size of the ischemic region.
in STt. Therefore, the interpretation of directional changes in STt, when this measure is used to reflect abrupt changes in the magnitude of ischemia, should be considered in view of the duration of preexisting ischemia.
Amplitude and Distribution of ST-Segment Changes: Relationship to the Duration of Ischemia
Based on the ischemic heart model of Holland and Brooks, the highest epicardial STt is expected to occur near the ischemic boundary, with a small progressive decrease approaching the ischemic center. This pattern approximates a uniform degree of STt over the ischemic region. While this pattern of STt has been observed,"5 several studies have shown the highest STt near the center of ischemia and a marked decline near the ischemic boundary. The present results suggest that both these patterns occur during the time course of ischemia. A relatively uniform level of STt is recorded from electrodes overlying a region of ischemia soon after coronary occlusion (< 20 minutes). This pattern approximates the distribution of epicardial STt suggested by the ischemic heart model of Holland and Brooks in which an injury current is generated exclusively at the ischemic-boundary. In agreement with the observations of others,16-19 how-ever, the results document the appearance of a gradient in STt from the center to the boundary of the ischemic region after 20 minutes of ischemia.
Electrocardiographic Models of Ischemia
The value of modeling the electrophysiologic events in myocardial ischemia to provide an explanatory framework for interpreting ST-segment changes has been reported by several investigators.3 12 14 23 Through the construction of a model, an attempt is made to demonstrate the relationship between STt (injury potentials) at the epicardial surface and the distribution of transmembrane potential changes within the ischemic region.
Modeling Early Ischemia
The innovative work of Holland and Brooks3' [12] [13] [14] has provided a geometrical ischemic heart model that quantitatively links changes in STt to the distribution of transmembrane potential changes in the ischemic region. In this model ( fig. 6A') , the ventricle is represented by a sphere of specified thickness and a transmural region of ischemia is represented by the intersection of the sphere with a cone, the apex of which lies at the center of the sphere. The ischemic boundary is defined as the annular shell that interfaces the cone 6 . The ST-segment elevation (STT) (injury potential) at the epicardial surface is shown as afunction ofdifferent distributions in transmembrane potential change for cells within the ischemic region. A' and B' show a geometric representation of the left ventricle as a sphere with inner and outer radii ofone and two units, respectively. The transmural ischemic region is defined as the intersection of the sphere with a cone passed perpendicular to the sphere such that its apex lies at the center of the sphere. The volume of the ischemic region is altered by increasing or decreasing the angle 0 between the central axis of the cone and its bounding surface. An increased density of shading indicates an increase in resting membrane potential (RMP) within the volume of myocardial ischemia. A-A') The alteration in RMP in ischemic cells is considered uniform throughout the ischemic region. An interface between cells differing in RMP occurs only at the ischemic boundary. This interface is represented as a distributed dipole layer with uniform moment per unit area. The relative degree ofST at the epicardium (outer surface of the sphere) at incremented angular distances from the center to the boundary of the ischemic region is shown in A. The solid line represents the STt when the size of the ischemic region is defined by an angle 0 of0.5 radians. The dashed line represents the relative STt when 0 is decreased to 0.25 radians. The potentials at the epicardium are expressed as a percent of the maximum potential when 0 equals 0.5 radians. B-B') The RMP is considered to decrease linearly with the angle 6 from the center to the boundary of the ischemic region at any given level in the myocardial wall. As schematically illustrated in B', an interfacing of cells differing in RMP occurs, therefore, continuously through the ischemic region. The ischemic region is represented by a volume ofdistributed dipoles in which each volume is considered uniform. In B, the STt at the epicardium is shown when the size of the ischemic region is defined by an angle 6 of0.5 radians (solid line). The relative potential when 0 is decreased to 0.25 radians is shown by the dashed line. and the sphere. Since this boundary separates two cell by intergrating over the ischemic boundary the conpopulations that differ in transmembrane potential, it tribution of each element of the dipole layer, or, has been represented as a distributed dipole layer.'3' 23 equivalently, the relative STt at the epicardial surface The STt at the epicardial surface may be determined may be determined by solving for the solid angle sub-tended by the ischemic boundary at any point at the epicardial surface ( fig. 6A, Appendix A) .
The results support this model as an accurate representation of the early electrophysiologic events. According to this model, the degree of STt overlying the ischemic region is approximately uniform and represents the pattern experimentally observed during early ischemia. Furthermore, a decrease in ischemic size results in an increase in STt or, conversely, an increase in ischemic size results in a decrease in STt consistent with the experimental findings of Holland and Brooks during early ischemia.
Modeling Later Ischemia
After a more prolonged period of ischemia, several studies have shown that a gradient in the transmembrane potential of ischemic cells occurs that extends from the boundary to the center of the ischemic region. Because cell populations differing in transmembrane potential exist throughout the volume of ischemia, the gradient in cellular transmembrane potential has been represented by a volume of distributed dipoles. The STt at the epicardial surface may be determined by integrating over the ischemic volume the contribution of each volume element (Appendix A). This gradient in cellular transmembrane potential is shown schematically in figure 6B ' and the effect of this gradient on the pattern of STt at the epicardial surface is shown in figure 6B . The STt shows a progressive increase from the boundary to the center of the ischemic region. The experimental results shown during later ischemia are represented by this model. A decrease in ischemic size results in a decrease in STt ( fig. 6B ) and, conversely, an increase in ischemic size results in an increase in STt. These directional changes in STt represent those observed experimentally when the size of the region of ischemia is abruptly altered after 60 minutes of ischemia.
It may be questioned whether reduction of the area of STt at 60 minutes by reperfusion also correlates with a reduction in infarct size. In a model similar to that in the present experiment, we have shown that reperfusion at 60 minutes after coronary occlusion resulted in rapid normalization of STt and a significant reduction in infarct size.27 With antegrade reperfusion of arterialized blood after 1 hour of ischemia, a consistent reduction in the region of infarction has been demonstrated.28 30 We have also shown in a similar model in which anterior free wall infarcts of the LV were produced that the area of STt at 60 minutes bears a uniform and predictable relationship to the size of the ultimate infarct size. 22 A strict relationship has been assumed in the present experiment, therefore, between the area of STt and the ultimate region of infarction. This relationship may not always be obtained, for example, 1) when the ischemic region is reperfused sufficiently long after coronary occlusion such that myocardial cells are irreversibly injured, or 2) when the perfusate is not oxygenated blood or poorly oxygenated relative to tissue demands. In both these cases, there is "washout" of extracellular K+ from the ischemic region and thus an alteration of transmembrane potential and STt that occurs independently of an alteration in the metabolic state of the ischemic cells. In these cases in which possible washout of the ischemic region may confound interpretation of changes in the ST segment, other independent measures of infarct size must be used.
In summary, the amplitude and distribution of STsegment changes and the directional changes associated with alterations in the area of ischemia appear dependent on the duration of preexisting ischemia. A basic model of ischemia is described that explains apparently conflicting reports of ST changes which must be taken into account when ST-segment changes are used to assess interventions aimed at preservation of the ischemic myocardium.
